Some Computations of Water Heights and Currents in the Baltic

By ARTUR SVANSSON

Fishery Board of Sweden, Gothenburg*

(Manuscript received June 17, 1958; revised version September 9, 1958)

Abstract

The Skagerack, the Kattegatt, the Danish Sounds and the Baltic, all together here called the
Trans-Baltic, are treated as a one-dimensional channel with homogenous water. Water heights
and velocities are computed from the linear hydrodynamical equations, including terms of
acceleration, wind stress, air pressure and friction. It is made numerically with help of the
electronic computor BESK. The computations are mainly concentrated to a case §/12—12/12
1932. The same treatment is also made for a closed basin consisting of the Baltic proper +

the Gulf of Finland, altogether here called the Eastsea.

Introduction

HaNsEN (1956) published numerical compu-
tations of water heights and currents in German
rivers and in the North Sea. In the former
case a tidal wave progressing from the mouth
was examined. In the latter case the storm
surge of January 1953, “the Holland-Orkan”,
was investigated.

Since then this work has been continued at
the International Meteorological Institute in
Stockholm. Some troubles of the numerical
stability in Hansen’s non-linear model have
been overcome at least for a linear model.
FisHER (1959) gives the results of these things
together with computations with the new
model. His scheme in two dimensions has
here been translated to a one-dimensional
model. .

The equations and the numerical scheme

We assume the movements to be mainly
longitudinal (x-direction). The contribution
of the Coriolis acceleration is therefore only a
compensating pressure gradient in the lateral
direction (y-direction); the equation of motion
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in the y-direction is used only when the com-
ﬁuted water heights are compared with real
eights on one side of the channel.

We assume furthermore the water to be
homogenous, which means that the pressure
oh
ox’
o is the density, ¢ is the acceleration of gravity
and h is the variation of the sea surface (Fig. 1).
If o is put equal to one, the equations of motion
and continuity have the following appearance:
du_ b dp, Lo
o~ 8ox ox oz

oh
(4= -23)
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gradient — lg—ﬁ can be substituted by - ¢
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Fig. 1.

Fig. 2. Map of the Trans-Baltic. Some numbers of sec-
tions are indicated. Hs = Hirtshals, Dn = Drogden,
Yd = Ystad. Names of lightships are underlined.
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where u = the velocity in the x-direction
w = the velocity in the z-direction
7 = turbulent stress component
pa = atmospheric pressure

These are the equations of any water particle.
But we wish to consider the total transport
through every cross section. Therefore the

h b;
! . .
integration / f — - dzdyis carried out every-
“Ho

where:
hob

kb
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Then we get for every cross section j:
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If the water is inhomogenous the most
important difference is that the pressure term
has to be supplemented with a term %%
where Q=9 fo /9 0 dz dz and 4 is the anomaly
in specific vquI:n_e.z If this term is neglected we
have an error in h of order of magnitude I%

(Note that there is already in the real water
level values a steady state error of this kind,
Witting’s “dynamische Stérung’.)

If we put the bottom stress 7_y equal to
Riu (will be discussed later) and differentiations
are converted to differences, FISCHER's (1959)
numerical scheme may be written in the
following way:
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u means # at the timestep 1 and at the section ;.

a; and «, are smoothing terms governing
numerical stability; oy +2 a3 =1. (According
to later personaf, communication with Dr
Fischer, it is not necessary to use such a smooth-
ing when there are no Coriolis accelerations
in the system.)

The Trans-Baltic. Some earlier investigations

The Trans-Baltic consists mainly of four
different basins (see Fig. 3), separated by the
three sills: the Kattegatt + the Danish Sounds,
the Aland sill and the Kvarken sill. Even in the
deeper parts the depths are small (mean
values 40—60 m) except in the Skagerack
(220 m).

The water of the Trans-Baltic is horizontally
and vertically stratified and the steady state
density distribution is governed by a yearly
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Fig. 3. Cross section area A km?. a) Trans-Baltic, sections
0—383. b) Closed Eastsea, sections 22— 351, [I—VIII, 84—98.
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outflow of about 470 km?3 river water. The
topography of the Baltic and the mixing seems
to be such to give a compensating salt water
mass in the Danish Sounds of about the same
amount, 470 km3/year (7 ~ 7 cm/s) going in-
wards. Therefore the “river current” should
be about 14 cm/s in the Danish Sounds. Most
of this river water seems to leave the Trans-
Baltic as a rather concentrated current along
the whole Swedish and parts of the Norwegian
coast.

In the different basins of the Trans-Baltic
there is a weak cyclonic horizontal circulation.
It is not impossible that this is wind-driven.

The biggest transports” are given by the
wind surges. According to HEeLA (1944) such
transports in the Danish Sounds give current
velocities # of 25 cm/s as a common value.
This article deals mainly with movements of
such a type. (It should, however, be made
clear that the numerical model may be used
for many other purposes, e.g. for tidal waves,
either coming from the North Sea or generated
in the region itself.)

From the discussion above is clear, that it is
a rather great simplification to treat the Trans-
Baltic as a channel with homogenous water.
Nevertheless many features of these waters,
especially the ratio between its length and its
width (about 7 : 1), makes it worth while to
try such a treatment as a first approximation.
But even so, there are many possible ways of
proceeding:

1) WrrTiNG (1911) has computed the tides
in the Eastsea considered as a channel of
constant depth. He used, however, a seiche
period, which he computed taking the variable
depth into consideration. Because the tides in
the Baltic are very small, it was hard to get
good agreement between theory and reality.

2) HELLSTROM (1941) solved water level
problems for the closed Baltic by assuming
steady state:

oh  p,

b
o= "‘ga—x—%-i-z‘th

The whole Baltic is cut into sections per-
pendicular to the wind direction. The results
are rather good for “non-oscillatory” cases.
3) NEUMANN (1941) showed that the oscilla-
tions in the Eastsea mostly are seiches in this
basin (period T = 27.6 hrs) considered closed
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Fig. 4. Cross section area A km? for sections 11—26.

a) direct sea chart values.
b) smoothed values, minimum 0.4 km?
¢) smoothed values, minimum o.1 km?2
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Fig. 5. Water heights at Hirtshals 4, cm. (I¥%)x m2/s? for
sections 0—8.

(closed at section No. 22, Fig. 2). He examined
a lot of cases, the first one of which was
10—15/12 1932.
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4) NEUMANN (1941) also computed the
period T of the closed and branched Baltic
(Fig. 2 sections 22—83, except 55, and VI, VII
and 84—098). The theoretical value was 39.2
hrs, but is not very often met with in nature
according to Neumann.

The numerical integration for the Trans-
Baldic

A code has been made for sections 0—83 and
84—08, where the latter part is influenced by
the former (hgy = hy5) but not vice versa. The
runnings are noted I. The water level value
ho is put equal to observed water heights at
Hirtshals (there were no data available for
Hanstholm), and wg; = ugg = 0. The case
of 10—15/12 1932 is treated. The same case is
also made for a closed Eastsea. The runnings
are noted II. uyy = ugg = 0. The basin consists
of the sections 22—s1, I—VII and 84—98.

Constants for I and II

1) 4s, A and b (see Fig. 3 concerning A) of
the sections 26—¢8 and I—VII have been
taken from NEUMANN (1941). For the rest of
the sections they have been determined from
sea charts. All the values have been smoothed
by making sliding mean values. Especially
sensitive are the A-values of the shallow parts.
Fig. 4 shows sections 11—26 treated in three
different ways. The minimum value 0.4 km? is
a value close to that one quoted by Hera
(1944). The A-values in this group have been
used 1n a running noted Iy, A running with
Amin = 0.1 km? is noted I,.

2) The wind stress 7, is put

Th=10.5 X 3.2 x 1078 (W?), MTS units, where
Wis the geostrophically computed wind speed.
The constant 3.2 x 10~¢ is taken from SVERDRUP
etal. (1946), mainly computed from steady
state windstau measurements in the Baltic. The
figure o.5 is a factor converting geostrophic
wind velocities to surface velocities.

Every 6th hour seven new 7,- and seven
P,

new x—values are fed in for the sections
0—38, 9—22,23—33, 34—60, 61—77,78—83 and
84—08 for code I. For code II three new values
are fed in for 22—33, 34—s1—I—VII, and
84—98. For every timestep new values are
interpolated from the fed in ones.

Tellus X1 (1959), 2
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3) The bottom stress, T_g, is put equal to
Rii. It may be better, however, to call this
term a damping term instead of defensing it
really to represent the bottom stress. R is put
equal to 0.207 x 107 m sec!. This value is
computed by dividing NEUMANN'S (1941)
damping factor 0.5 x 10~% sec™! by the mean
value of b/A for a closed Eastsea.

4) The timestep At is chosen 15 min,
deduced approximately from the Courant-
Friedrich-Lewy criterion and adjusted by
experience. The runnings with the codes I
take about 40 minutes and with II 25 minutes
on the machine.

Results

The results are given in the figures 6—13 of
the runnings Iy, [o; and II as dashed lines.
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Fig. 6. Varberg, h cm. (W%, m?/s? for the sections g—22.
Dashed lines represent computed values for the cases
Io.4 and I,
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Fig. 7. Ystad, & cm. (W?%x m?/s? for the sections 23—33.
Dashed lines represent computed values for the cases
Ie.to Ioy and 1L
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Fig. 8. Landsort, & cm. (W%, m?/s? for the sections
34—60. Dashed lines represent computed values for the
cases Iy 4 and IL
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Fig. 9. Draghillan, h cm. (W?2)x m?/s? for the sections 61—

77- Dashed line represents computed values for the case I ,,.
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Fig. 10. Helsinki, h cm. (W?x m?/s? for the sections
84—98. Dashed lines represent computed values for the
cases Iy, and IL

The values of h have been corrected for the
geostrophic effect and are compared with
corresponding points on the Swedish coast
and at Helsinki. The Swedish values are
referred to a level 14 cm above mean sea
level and are corrected for the anemo-baric
disturbance. Concerning the velocities, the
measured values for Snipan and Storbrotten
are mean values of surface and 25-meter
data. For Drogden only the surface value is
given. All real values are represented by full-
drawn lines.

Runnings I: For our case of 1932 with
its rather moderate wind velocities the water
heights in the Skagerack and mostly in the
Kattegatt to the greatest extent seems to be
dependent on the level of the North Sea.
A short special case (III) has been run without

Tellus XI (1959), 2
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Fig. 11. Drogden, u cm/s. Fulldrawn line represents the
measured surface velocity. Dashed lines give computed
mean velocities for the cases I, and I,.,.

any wind at all, which is presented in Fig. 14.
The result is seen to be nearly the same for
sections 0 and 13, whereas for the Baltic sec-
tions there is nearly no change in water level.
We have a special interest in the transports
in the Danish Sounds and for that purpose
runnings Iy, and Iy, are compared with
each other and with other ways of computa-
tion
Tellus XI (1959), 2

237

u 1
.

iy )
D

-——
R

30 4

-—— —

-—

\
=
-
"‘
”
ST

(=]
N
>
n
Y,

r =

-60 U

T T T T U

7 8 9 10 N

12 ' DECEMBER
1932

Fig. 12. Snipan, u# cm/s. Fulldrawn line = mean value
of u, measured at 0 m and 25 m depth. Dashed line =
computed mean velocity for the case L.,.
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Fig. 13. Storbrotten, # cm/s. Fulldrawn line = mean
value of 4, measured at 0 m and 30 m depth. Dashed
line = computed mean velocity for the case I,.,.

Transports in km?®
per 24 hrs. Mean
values over § days

I1.3
0.065§
HELA (1044): a water levelsinking of 1 cm/24 hrs  3.65

JACOBSEN (1925): 5/30 times the surface velocity
at the lightship Drogden (here s3 cm/s)...
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Running II was made to get the seiches
according to NEUMANN (1941). Since, how-
ever, the long-wave motion is better repro-
duced by the running I than II for most parts
outside the Gulf of Finland, it is probable,

that the waves are not seiches but wind-
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Fig. 14. Running III; hy cm is given value.

forced waves in this special case. In no
running there is a good result for the Gulf of
Finland. It is to be hoped that a model for a
branched Baltic will solve this problem better.
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Conclusions

This article will show some of the possibili-
ties of a one-dimensional treatment of the
Trans-Baltic with the aid of modern compu-
tors. Given here is only the very first step. If
possible a continuation with e.g. the following
steps is planned:

1) A more careful investigation of the cross
sections at the sills. Trial with different mesh
sizes;

2) a model for a branched Baltic;

3) a 2- and 3-layer model for the Trans-
Baltic channel to give the depths of the density
discontinuities and the velocities in the differ-
ent layers;

4) a lot of cases to be run.
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